Exploration Guide: Building DNA
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The winter of 1953 was a turbulent time in the biochemistry labs of King's College and the University of Cambridge. Two separate teams of researchers were racing to determine the structure of DNA, and the competition was ruthless and intense. Finally, after secretly visiting Rosalind Franklin's lab and viewing her X-ray photographs of the DNA molecule, James Watson and Francis Crick solved the puzzle and published their results. 

However unethical their research methods may have been, Watson and Crick's solution ranks as one of the most important discoveries in the history of biology. Not only did they find the structure of the molecule that encodes our genetic information, they figured out how the DNA molecule replicates, or makes a copy of itself. The replication of DNA is the basis of one of the most fundamental processes of life itself—the ability to reproduce. 

Structure of the DNA Molecule

The term "DNA" is short for deoxyribonucleic acid. In this activity, you will build a DNA molecule and then examine its structure. 

1. In the Gizmo™, notice the representation of the nucleus in the center of the screen. To begin, drag one of the Nucleosides from the right side of the screen to the nucleus. Each nucleoside consists of a pentagonal sugar, called deoxyribose, attached to a nitrogen base. The four possible nitrogen bases are adenine (A), thymine (T), cytosine (C) and guanine (G). 

1. Which of the nitrogen bases are slightly longer than the others? 
2. Which are shorter? 

3. Which nitrogen base did you pick to start your DNA strand? 

2. The nucleosides are connected to one another by phosphate molecules, which attach to the two "legs" on the left side of the deoxyribose pentagon. Drag and attach two Phosphates to your nucleoside. 

3. Continue building the DNA molecule by stacking Nucleosides vertically. Be sure to attach Phosphates to each nucleoside, but do not attach a Phosphate to the bottom of the last nucleoside in your sequence. 

1. From top to bottom, what is the sequence of nitrogen bases in your rail? 

2. How many sequences do you think are possible for a DNA rail with 8 nitrogen bases?
3. Explain your reasoning. 

4. You have now completed the left strand of your DNA molecule, called the leading strand. The Gizmo now provides another set of nucleosides and phosphates that will form the right strand, also called the lagging strand. Each nitrogen base will form a chemical bond with another nitrogen base. 

1. Based on shape, what nitrogen base will bond to adenine (A)? 
2. Test your prediction by dragging the appropriate nucleoside to one of the adenine bases on your rail. Does it attach? (If not, try another.) 

3. Which base will bond to cytosine?
4.  Drag this nucleoside and attach it to one of the cytosine bases on your rail. 

5. Using the same reasoning, attach the remaining nucleosides and phosphates to form the lagging strand. The direction of this strand is opposite the first, so attach the last phosphate molecule to the bottom of this strand. (This represents the beginning of this strand.) When all the molecules have been placed, your DNA molecule is complete! 
6. From bottom to top, what is the sequence of nitrogen bases on the lagging strand of the DNA molecule? 

7. A DNA strand can be thought of as a ladder. 
8. Which molecules make up the horizontal "rungs" of the ladder? 
9. Which molecules make up the vertical "rails" of the ladder? 
10. In reality, this ladder is twisted, forming a spiral structure called a double helix. 

11. One of the key experimental findings that led to Watson and Crick's solution was that the amount of adenine in a DNA molecule is always equal to the amount of thymine. Similarly, the amount of cytosine is always the same as amount of guanine. Based on the DNA molecule you have constructed, why is this the case? 

DNA Replication

In this activity, you will examine DNA replication, in which the DNA molecule splits and makes a copy of itself. 

1. Click Release enzyme on the left side of the screen to release an enzyme called DNA helicase. 
2. What does this enzyme do to the DNA molecule? 

3. Click Release enzyme again to release an enzyme called DNA polymerase. Two sets of nucleotides will appear to the right of the screen. 

1. What three components make up each nucleotide? 

2. How is a nucleotide different from a nucleoside? 

4. Drag each of the Nucleotides to the nucleus and attach it to the complementary site on the DNA molecule. 

1. What is present each time you drag a nucleotide to one of the DNA molecules? 

2. This represents the key role that DNA polymerase plays in this process. 

3. How do the two resulting strands of DNA compare? 

4. Are the sequences of nitrogen bases the same as they were when you made the first DNA molecule? 
5. Explain. 

5. In your own words, describe the process of DNA replication, based on what you have observed in this Gizmo. 


